Abstract: Employed workers often have family responsibilities such as childcare or homemaking. This dual burden may increase work-related health problems, particularly if there are conflicts between work and family responsibilities. This study assessed whether difficulty in work-life balance is associated with musculoskeletal disorders (MSD) among Korean employees. Data from the population-based Korean Working Conditions Survey of 2011, including 28,640 male and 21,392 female workers, were used. Men and women were analyzed separately to investigate gender differences. MSD were defined as pain in the back, neck, shoulder, or extremities during the past year. Self-assessed difficulty in work-life balance was defined as a work-life conflict (WLC). Adjustments for physical factors, as well as other occupational and socio-demographic variables, were made using multiple logistic regression analysis. Interaction terms including WLCs and key covariates were also incorporated. WLC was significantly associated with increased frequency of MSD in both men (OR: 1.49) and women (OR: 1.50). There were significant interaction effects between WLC and some key covariates (job stress for men and job stress, work hours, physical demand, and frequent overtime work for women). We suggest that having the flexibility to coordinate work and family life is important to prevent MSD among employees.
Introduction
Musculoskeletal disorders (MSD) are the most prevalent and costly work-related health problem in the working population [1] . Prior studies have shown that MSD affect large numbers of people across most industries and occupations, can potentially lead to long and serious disability, and impose heavy costs on employers and society [2] . In 2016, MSD accounted for more than 41% of all occupational diseases in Great Britain [3] and 65 .8% of all occupational diseases in Korea [4] , as well as 40% of work-related health costs worldwide [5] . It is therefore important to study what causes MSD.
A number of studies have examined risk factors for MSD [6] [7] [8] . The majority have focused on the impacts of physical exposures or ergonomic factors in the workplace, such as lifting and carrying heavy loads, poor posture, tiring positions, vibrations, or highly repetitive movements [9] . However, more recently, researchers have also considered psychosocial workplace conditions and job stress as risk factors for MSD, particularly as the number of workers in the service industry has increased steadily. Prior studies have consistently found that high job demands, low job control, low supervisor support, and high job insecurity increase the risk for the development of MSD [10] [11] [12] [13] . The identified risk factors are well-known stressors in the field of occupational health psychology [14, 15] . Although much research has been done on psychosocial work-related factors in relation to MSD [11, 16, 17] , recent studies have also focused on psychosocial aspects outside the work environment, such as family and the methodology used in European Working Conditions Survey. The Korean Working Conditions Survey (KWCS) was conducted with a large sample size in 2011 and 2014 so far. The survey in 2011 included more variables than that in 2014, especially health behaviors such as smoking and alcohol drinking. Thus, we used data from 2011 KWCS in order to exclude any confounding by these variables. The survey was administered to workers more than 15 years old who, at the time of the survey, had done paid work for more than one hour during the previous week. The study design employed multistage random sampling based on the Population and Housing Census. The primary sampling unit was the population and housing enumeration district, and the secondary sampling unit was the household and household member [41] . The enumeration district was sampled by probability proportion to size systematic sampling. Ten target households, then, were selected using the systematic sampling from the household lists and district maps of the enumeration district. The KWCS in 2011 had survey participation rate of 0.35, as defined by the American Association for Public Opinion Research (AAPOR) [42] . This is slightly lower than that of fifth EWCS (0.44) [43] . Similar participation rates were maintained in the KWCS in other years. A total of 50,032 workers were surveyed in this study. The validity and reliability of the 2010 KWCS, whose study design was same as that of the 2011 KWCS, were evaluated, and the quality of the survey was assured [43] .
Measures

Work-Life Conflict
WLC was measured by the following question: "How well do your working hours fit in with your family or social commitments? Very well, well, not very well, not at all well". Responses were divided into good work-life balance (very well, well) and poor work-life balance (not very well, not at all well).
Frequent Overtime at Work
Frequent overtime at work was measured by the following question: "Over the last 12 months, how often have you worked during your free time in order to meet work demands? Nearly every day, once or twice a week, once or twice a month, less often, never". Answers were categorized as high frequency of overtime work (nearly every day, once or twice a week) and low frequency of overtime work (once or twice a month, less often, never).
Musculoskeletal Disorders
The presence of MSD was measured by the following question: "Over the past 12 months, have you had any of the following health problems: backache, muscular pains in shoulders, neck, and/or upper limbs, muscular pains in lower limbs (hips, legs, knees, feet, etc.)"? The subjects were asked to answer "yes" or "no". Persons responding "yes" to this question were asked whether these musculoskeletal symptoms were associated with work.
Key Covariates
Sociodemographic variables included age (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) , ≥50 years old), education (less than secondary education, high school, college and above), family type (single, living with family), marital status (married, not married), having children under six years old (yes, no), monthly salary (<$2000, $2000-$3000, >$3000), and employment type (self-employed, employee, employ others).
It is possible that persons who have children six years of age or younger face higher parental demands (i.e., a higher caring burden) and WFC than those who have children older than six. Specifically, having a child six years of age or younger was used to assess parental demands as sources of role pressure in the family domain. Parental demands are known to be a function of the number of children and the age of the youngest child [44] . Parental demands are thought to be highest for persons with infants and pre-school children, lower for those with school-age children, and least for those with adult children not living at home [45] . WFC is thought to be related to the age of the youngest child at home [46] . Specifically, parents with children under six years of age had higher levels of WFC than parents of school-age children.
Work-related covariates that were investigated for associations with WLC and MSD were selected based upon previous studies [18] [19] [20] 22, 23] . Subjects were categorized into four occupation groups: managerial and professional (professional technicians, senior management positions), white-collar, service (sales, service), and blue-collar (skilled, semi-skilled, non-skilled, agriculture, and forestry). White-and blue-collar workers were classified based on conventional norms. A blue-collar worker is a person of the working class who performs manual labor. In this study, blue-collar workers were classified as persons whose occupation is related to skilled or unskilled manufacturing, construction, maintenance, car repairs, sanitation, transportation, warehousing, and many other types of physical work. On the other hand, a white-collar worker typically performs work in an office environment and may involve sitting at a computer or desk. Subjects were categorized as having non-shift or shift schedules, and as working less than 40 h, 41-56 h, or >57 h weekly. Regarding job stress, answering "always so", "mostly so" or "sometimes so" to the statement "I am under stress at work" was determined to indicate high stress, and answering "not so much so" or "not at all so" was determined to indicate low stress.
Physical demand at work was assessed by five items addressed by the question "Does your main paid job involve . . . " (a) tiring or painful positions; (b) lifting or moving people; (c) carrying or moving heavy loads; (d) standing; (e) repetitive hand or arm movements. Each of the items had a seven point response scale ranging from 1 (never) to 7 (all of the time). We used the sum of item scores as a scale score; these scores were then divided into three categories based on the tertiles for all respondents (both men and women) after logistic regression.
To take health-related factors into account, we also adjusted for smoking behavior and drinking. Subjects were categorized into three groups of "non-smoker", "past smoker" and "current smoker". Alcohol drinking was categorized into non-drinker (do not drink) and drinker (all other responses).
Statistical Analysis
In all analyses, we studied men and women separately to allow consideration of gender differences, a major focus of this study. Descriptive statistics are presented as relative frequencies. Multivariate logistic regression was used to examine the relationship between WLC and MSD, controlling for confounding factors such as sociodemographic and work-related variables. The results are represented by odds ratios (ORs) with 95% confidence intervals. We assessed whether there is gender difference in the effects of WLC on MSD by testing an interaction term between gender and WLC in a multiple logistic regression model for the full study sample (n = 50,032). Finally, we added interaction terms for WLC and key covariates, such as employment type, working hours, physical demand, job stress, and work schedule flexibility, to the multiplicative logistic regression. All analyses were conducted using the program R 3.3 (R Foundation for Statistical Computing, Vienna, Austria). Table 1 show the prevalence of self-reported MSD in the past 12 months by sociodemographic variables, work-related variables, and WLC for men and women, respectively. Those aged [15] [16] [17] [18] [19] were relatively fewer (6.1% men and 6.7% women), thus combined into the age group 15-39. Of the 50,032 subjects in this study, 57.2% were men, and 39.5% of men and 35.0% of women were over 50 years old. The majority of subjects had either graduated from high school (39.8% of men and 41.4% of women) or had completed college or more (43.2% of men and 36.3% of women). Regarding living situation, 89.5% of men and 83.5% of women lived with family. Among men, 78.2% were married, and 14.3% had at least one child six years of age or younger; among women, 64.9% were married, and 8.7% had at least one child six years of age or younger. Subjects were classified as self-employed workers (37.9% for men and 31.1% for women), employees (60.6% for men and 57.8% for women), and employs others (1.5% for men and 11.1% for women). When classified by job type, almost half of men (44.1%) were skilled and unskilled blue-collar workers, whereas over half of women (55.2%) had sales and services jobs. Relatively few did shift-work (7.7% for men and 4.2% for women). The majority of women (70.3%) had a salary of less than $2000 a month, while 61.4% of men earned over $2000 a month. The majority of subjects worked 41 or more hours a week (69.4% of men and 62.9% of women). These working hours are significantly greater than the averages for OECD countries [40] . Regarding health-related characteristics, 83.0% of men were drinkers, and 51.7% of men were smokers, as compared to far fewer women.
Results
Sociodemographic Characteristics
Of these workers, 26.1% of males and 25.1% of females suffered from job stress. WLC was reflected in the finding that 30.1% of men and 29.6% of women reported that their working hours did not fit in with their family or social commitments. Moreover, 16.2% of men and 13.0% of women worked during their free time in order to meet work demands.
Prevalence of Self-Reported Musculoskeletal Disorder by Key Covariates
In the past 12 months, 40.4% of men and 49.4% of women reported MSD. With age under 30 years old as a reference, MSD increased with age until age 65. Among workers with less than a secondary education, 62.1% of men and 73.5% of women reported MSD, more than those with at least a high school education. There were no differences in MSD by smoking and alcohol drinking. Among the occupational characteristics, over half of blue-collar workers, both male (51.5%) and female (67.9%), had MSD, more than white-collar workers or sales and service workers. Subjects who earned lower salaries, 49.1% of men and 52.4% of women reported MSD, more than any other group. Subjects who worked more than 57 h a week also had a higher prevalence of MSD than the other groups, among both men (45.6%) and women (54.9%). Both men (54.7%) and women (64.5%) with high physical demands at work reported MSD at a higher prevalence than groups without such demands. Subjects who reported WLC had a higher prevalence of MSD than did subjects without WLC, among both men (49.2%) and women (58.5%). Finally, when we looked at frequent overtime work, male workers who did lots of overtime work (45.7%) had a higher prevalence of MSD; no difference was seen among female workers.
Factors Associated with Musculoskeletal Disorder and Gender Difference
As shown in Table 2 
Interaction Effects between Work-Life Conflict and Key Covariates of Musculoskeletal Disorder
Factors that modified the effects of WLC were identified by comparing the groups constructed by combinations of both factors as categorical variables, followed by a test for the statistical significance of the interaction term. There were significant interaction effects between WLC and some key covariates of MSD, as shown in Table 3 , where the results are stratified by gender. For men, only the WLC × job stress interaction (OR = 1.84) was statistically significant. Among women, interactions of WLC with longer work hours (OR = 1.41, OR = 1.63) physical demand (OR = 4.10), job stress (OR = 1.93), and high overtime at work (OR = 2.00) were statistically significant. 
Discussion
Using survey data from a nationally representative sample of South Korean workers, this study examined the association between WLC and self-reported MSD. Our results showed that WLC was significantly associated with MSD in men and women, after controlling for physical and psychosocial work factors. Furthermore, work stress increased the effect of WLC on musculoskeletal disorder in both genders. In women, there were additional effect modifiers such as longer work hours, physical demand, and overtime at work. Our study results extend the findings of previous research reporting that WFC is associated with neck/shoulder pain and low back pain [18] [19] [20] 23] , consistent with prior findings showing that WFC is associated with a variety of negative consequences [27] [28] [29] [30] [31] [32] [33] [34] 36, 37] .
The most popular explanation for the association between WLC and musculoskeletal disorders is that WLC can increase physiological stress reactions [19] . When employees are unable to cope with the conflicting demands on their time and energy in both organizational and familial contexts, WFC occurs. Workers who experience WFC could be preoccupied at the workplace with home-related duties [20] . This could influence psychosocial working conditions, such as job demand. Psychological factors increase muscle tension, in turn leading to musculoskeletal disorders [47, 48] .
There could be several explanations for pathways linking psychosocial working conditions and musculoskeletal disorders. Bonger (1993) argued that psychological factors cause direct effects on mechanical load though changes in body posture [16] . For example, workers have a tendency to transform their body posture when they are forced to finish their work by a given time. Theorell (1991) suggested that increased psychological demand might be associated with anxiety, worry, fatigue, and sleep disturbances, which in turn increase muscle tension, thereby causing disorders of the back, shoulders, and neck [49] .
Laboratory studies have demonstrated associations between psychosocial stressors and increased trapezius muscle activity, supporting the hypothesized relationship [50, 51] . Garza et al. (2013) investigated the effects of workplace psychosocial factor on trapezius muscle activity and shoulder, head, neck, and torso postures in 120 computer workers with contrasting reward and over-commitment profiles [51] . They observed that medial trapezius muscle activity and neck flexion during computer use were greatest for participants who reported low reward and high over-commitment. These findings align with the hypothesized biomechanical pathway connecting workplace psychosocial factors and musculoskeletal symptoms.
We found similar proportions of men and women reporting high WLC. Previous studies showed that although both men and women consider WLC a stressor, the magnitude of stress is much stronger for women. Women suffer from the conflict far more than men [52] [53] [54] . Women tend to emphasize their family role to a greater extent than men do [35] . Women were still more likely to have the primary responsibility for finding a way to balance family obligations with employer demands [55] . Men trade off work and family more easily than women do [56] . Furthermore, men faced less of a wage penalty than women for family-related job interruptions [57] . As women are more involved in housekeeping and have more responsibility for problems concerning family members, such as education of children, conflicts arising between work and family are more significant for women. In keeping with these results, it has been hypothesized that high WLC is more prevalent among women than among men. Contrary to this hypothesis, there were no gender differences in the prevalence of WLC in the present study.
We interpreted these results as evidence for changes in the roles and responsibilities of men and women in the family. Recently, reflecting the increasing numbers of women participating in economic activity, empirical evidence has indicated that the family roles of men and women have changed significantly and become more equitable, especially in economically well-developed countries [58] . Furthermore, the position of men regarding job versus family has also changed. As home responsibilities have become more important than job success, men have been forced to change their priorities. For example, men are expected to spend time with their children and go shopping.
Gender differences in the relationship between WLC and health are not clear. Some studies have found evidence for gender differences, including burnout, anxiety, tiredness, stress, and depression [59] [60] [61] [62] . On the other hand, other studies have found no evidence of gender differences in the relationship between WLC and health, including poor self-assessed health, poor physical health, anxiety, stress, lack of general well-being, lack of sleep quality, and deleterious health-related behaviors such as substance abuse [63] [64] [65] [66] . When MSD was used as a health outcome, WLC was significantly associated with musculoskeletal disorder in the past 12 months in both men and women [18] . We obtain consistent results that WLC showed an increased risk of MSD for both men and women (men: OR = 1.49 vs. women: OR = 1.50). However, there was no gender difference in the effect of WLC on MSD (p = 0.8).
General patterns were similar across genders in the combined effects of WLC and other risk factors. However, statistical significance for interaction terms varied to some degree by gender. Job stress acted as a significant effect modifier of the relation between MSD and WLC in both men and women, indicating that the effect of WLC on MSD was stronger in participants with high job stress. Physical demand, working hours, and overtime work were significant effect modifiers of the relation between MSD and WLC only for women. The identification of effect modifiers implies that these factors contribute to the causal mechanisms of health hazards arising from with WLC. Compared to men, women appear to have more diverse factors that may aggravate the effect of WLC on MSD. In a working population, reducing the prevalence of the effect modifiers is expected to prevent the adverse effects of WLC.
There are some limitations to this study. The first methodological limitation is that our study was based on cross-sectional data only. Therefore, we were unable to test causal relationships between exposure (WLC) and outcome (MSD). However, previous longitudinal studies have confirmed the direction of effect of WLC [34, 58] . Second, our measurement of MSD depended on a single variable about pain experience in the past year in any of several sites listed. This measurement may have been limited by the respondents' ability to recall specific pain sites. The number of pain sites that might reflect MSD intensity was not considered. These limitations would be non-differential with respect to WLC status, and thus may have underestimated the association between WLC and MSD in our study. Third, both exposure and outcome were measured by a self-reported questionnaire, which may be influenced by respondents' experience and mood at that time. Fourth, WLC and job stress were measured by single item only. There could be a concern about limited reliability and validity for these single item measured variables. As such, our results should be interpreted with a caution. Finally, WLC has two dimensions [67] . The first dimension, the life-on-work conflict consists of life conflicts and problems that have an impact on the person at work. The second dimension of WLC, the work-on-life conflict, occurs when work affects the family and social life of the person. In this case, employees bring home problems, conflicts, and stresses from work, and these have negative effects on the quality of home life. However, this study only assessed the work-on-life conflict. A previous study, which measured both of these components, showed that the life-on-work conflict was not associated with MSD, whereas the work-on-life conflict was a risk factor for MSD [19] . Nevertheless, a given conflict may reflect effects in both directions between work and life.
Conclusions
Our study suggested that WLC was associated with MSD among South Korean workers. Certain working conditions increased the effect of WLC on MSD. Job stress acted as an effect modifier of the relationship between WLC and MSD in both men and women. Women had more effect modifiers than did men. Specifically, physical demand, longer work hours, and overtime at work were modifiers of the relationship between WLC and MSD in women. Our study suggests that researchers need to take WLC into account when examining the effects of working condition on health problems.
